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THEREFOR 



Belated Pafpn^ n^^„inpn^„ 
TWs applica&n is related ,„ and folly incorporates U.S. Patent Application 
Sena, No. _ (AMDA.477PA), entitled "Heating System and Method 



10 



Therefor," and filed concurrently herewith. 



Field nffhP inv^^tiftn 

The present invention relates generally to semiconductor analysis and, more 
particularly, to semiconductor analysis involving heating a semiconductor die. 



The electtonics indushy continues to rely upon advances in semiconductor 

•5 '-'»°'»«y.-'"'«ngimegratedcircu,ts(ICs),,o.ali.eh,gher.fi,„ctioningdcvicesin 
more compact areas. For many applications, realizing h,gher-fimctioning devices 

requires integratingalarge number Of electronicdevicesintoasinglesihcon die. In 
add,tion, many ofthe individual devices wiUtinthedie are being manufactured with 

sntaller physical dimens.ons.Asthenu„berof electronic dev,cesper given areaofthe 
20 smcon die increase, and as the size of the individual devices decreases, testing 
processes become more important and more difficult. 

Many integrated circuit dice include circuits having random defects. These 
defects can recover or fail m,der particular operating conditions and a, higher 
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temperatures. In addition, design faults can be sensitive to such particular operating 
conditions. Traditionally, isolation of IC faults has been attempted by operating the die 
in a mamier that causes a failure to occur and by attempting to attribute the failure to a 
malfunctioning circuit element in the IC. One manner in which this has been perfonned 
5 is to operate the die at full speed while applying external heat to the die. Such electrical 
testing, however, does not always assist in fault isolation because many failure 
symptoms can manifest themselves in different ways, and malfunctions can resuh from 
a variety of different types of defects including defects at non-suspect circuitry 
locations. 

1 0 One such testing application that has traditionally been very difficult to 

accomphsh includes physical diagnosis of failing circuit paths in a semiconductor die. 
Identifying these "critical circuit paths" has been attempted using simulation in 
conjunction with a thorough understanding of semiconductor die design, followed by 
verification using physical probing of a suspect circuit. This physical analysis is 
15 difficult, however, because it generally requires intimate knowledge of the die design 
and is particularly difficult for use in analyzing a flip-chip type integrated circuit die. 
The identification and analysis of critical circuit paths continues to present a challenge 
to the advancement of the semiconductor industry. 



20 



gummarv of the Invpnrinn 

The present invention is directed to a method and system for analyzing a 
semiconductor die involving the selective appUcation of heat to the die using a heating 



2 



AMDA.478PA (TT4019) 
June 2, 2000 

grid. The present invention is exemphfied in a number of implementations and 
applications, some of which are summarized below. 

According to an example embodiment, the present invention is directed to a 
method for manufacturing and analyzing a semiconductor die using a particular 
5 application of heat. A plurality of heating elements are fonned in a semiconductor die. 
At least one such heating element (such as an activatable semiconductor arrangement) is 
selectively caused to generate heat while the die is operating. The generated heat is 
used to heat one or more portions of the die, and a response, such as a failed operation, 
is detected in comiection with analysis of the die. This enhances the ability to identify 
10 defects, design flaws, and critical circuit paths including, for example, critical timing 
circuit paths of the semiconductor die; and can be perfomied without necessarily using 
expensive laboratory test equipment. In addition, this method does not necessarily 
require operating the die at a known failing condition or under precisely controlled 
ambient temperature and voltage conditions. 
15 According to another example embodiment of the present invention, a system is 

adapted to selectively heat a semiconductor die having a plurality of heating elements 
formed therein and to analyze the die in response to the selective heating. The system 
includes a controller adapted to selectively cause at least one of the heating elements to 
heat at least one adjacent portion of the die. A testing device is adapted to operate the 
20 die while heat is being applied, and a detector is adapted to detect a response from the 
die, the response being related to the operation and heat application. 
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The above summary of the present invention is not intended to describe each 
illustrated embodiment or every implementation of the present invention. The figures 
and detailed description that follow more particularly exemplify these embodiments. 

Prjef Description of th«> nrawi»^^ 

The invention may be more completely understood in consideration of the 
following detailed description of various embodiments of the invention in comiection 
with the accompanying drawings, in which: 

FIG. 1 shows a region-selective die heating system, according to an example 
embodiment of the present invention; and 

FIG. 2 shows an example grid arrangement for use in a region-selective die 
heating system, according to another example embodiment of the present invention. 

While the invention is amenable to various modifications and alternative forms, 
specifics thereof have been shown by way of example in the drawings and will be ' 
described in detail. It should be understood, however, that the intention is not 
necessarily to limit the invention to the particular embodiments described. On the 
contrary, the intention is to cover all modifications, equivalents, and alternatives falling 
within the spirit and scope of the invention as defined by the appended claims. 

Detailed DgsrHpHnn 

The present invention is believed to be applicable for a variety of different types 
of semiconductor devices, and the invention has been found to be particularly suited for 
an integrated circuit dice requiring or benefiting from analysis involving the selective 
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applicato of hea, ,o fl,e die in order ,o locally hea. a portion of ci..ui,,y i„ ,he d,e. 
Whrle the present invention is no, necessarily so limited, aspects of the invention ntay 
be appreciated thn,ugh a discussion of various examples using this context. 

According ,„ an example embodiment of the present invention, a semiconductor 
5 die, such as a wire-bond or flip-chip type die, is manufactared having a plurality of 
heating elements fotmed therem. The heating elements are arranged in the devcc m a 
mamter that facilitates selective heating of flte die for analysis. A controller is adapted 
.o control heating elements to selectively heat one or more portions of the die adjacent 
the elements while the die is being operated. The heat and operation of the are then 
10 used to analyze the die. such as by obtaining a response frotu the die indicating a failure 
when heated. Arranging ,he heating elements within the die is particularly 
advantageous in that it makes possible selective heating of one or more portions of 
oircmuy in an efficient and easy to use manner, and can be perfonned while the die is 
still in the wafer. Isolation of defects and design tlaws is enhanced, improving the 
15 ability to design and analyze semiconductor dice. 

In a more particular example embodimem of the present invention, the d,c is 
connected to an integrated circuit tester that applies a test pattern to the die. The 
heating elements are selectively activated while the test pattern is bemg applied, and the 
die is monitored for any defective operation that would indicate a die malttaction. 
20 When defective operation is detected, the corresponding portion of the die being heated 
■s identtfied as a portion having a suspected defect. Once a portion of the die containing 
adefect is identified, the dte is probed to provide additional defect infortnation. 
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In another example embodiment of the present invention, the heater elements are 
designed and operated in a manner that loads power supplied to the region of the die 
sutTounding the heater element. When opemed, each heater elemem draws power, 
thereby reducing the power available for local circuit elements and slowing the 
5 operation of the local ci^tty. The power-loading characterist.c of the heater elements 
works in combination with the heat generation to slow the operation of circuitry. When 
the circuitty being slowed is part of a critical timing path, a malfunction occurs when 
the speed is sufficiently slowed. The portion of the die undergoing a power load when 
the malflmction is detected is identified as a portion having a critical timing path. 
10 Various types of defects, such as resistive vias, dming-related defects, defective 

transistors, short or open circuits and other ciKuit defects are detectable using the 
heating arrangement. In the case of detecting timing defects, circuit paths in the die that 
fail upon operation at high speed or under heat application are often known in view of 
the design layout. These critical timing paths tend to fail before other portions of the 
15 die. The selective addition of heat to the die is used to cause a selected critical timing 
path to heat, and the increased heat makes the critical timing path more susceptible to 
failure. When a failure occur, while a particular critical timing path is heated, that 
failure 

■"' '"""^ P"'" <^™'™s " lefect or an improperly designed 

component of the circuit that fails at higher temperah.es. Further analysis is then 
20 performed on circuit elements in the critical timing path to better identify the cause of 
the malfunction. 

The integrated circuit tester is adapted to pK,vide multiple test pattems to the 
die. The test pattems are selected to cause the die to operate in a manner useful for 
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testing purposes. For example, the die can be operated with a normal operation pattern, 
a preset test pattern, under a high-stress operating condition, or under a test pattern that 
selectively causes regions of the die to operate. Selectively operating regions of the die 
is particularly useful for isolating the critical timing paths discussed hereinabove. Input 
5 signals to the die cause circuit elements in a selected critical timing path to operate. 
Heat is applied to the circuit elements and any defective response is detected and used 
to identify that one of the circuit elements is suspected of being defective. 

In another example embodiment of the present invention, the heating elements 
are formed in a heating grid. The elements may include, for example, one or more of 
0 the following: a transistor, diode, resistive metal trace, polysilicon trace, and a doped 
substrate area. Such a heating element may include a circuit arrangement having a 
plurality of semiconductor devices. Each element is coupled to a power supply via 
intercomiects in the die. When selectively powered, each element generates heat that is 
used to heat a corresponding portion of the semiconductor die in which the heating 
element is located. 

FIG. 1 is a heating system adapted to analyze a semiconductor die, according to 
another example embodiment of the present invention. A semiconductor die 1 10 is 
positioned on a stage 135 and is coupled via the stage to a testing device 140 adapted to 
generate test signals for the die. Commonly-available testing devices, such as the 
Teradyne J971 , are suitable for stimulating the die. The die includes a plurality of 
heater elements adapted to generate heat in response to being powered. A controller 
120 is communicatively coupled to the heating elements in the die 1 10 and provides a 
control signal that causes one or more selected heating elements to operate. Optionally, 
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the controller 120 and the testing device 140 are included in a single device. The die is 
operated via the testing device, and a response to the combined heat and operation is 
detected. The response may, for example, be detected using the testing device itself, or 
other common laboratory detection devices {e,g., analytical equipment such as an 
5 electron beam or laser beam probing system) may be implemented in replacement 
thereof or in addition thereto. The detected response is then used to analyze the die. 
Optionally, a computer device 150 is coupled to the controller 120 and/or the testing 
device 150, and is used to communicate control, response or other data. Response data 
is provided via the computer for user review. 
10 Once a malfunction in the die has been detected, a portion of the die that is 

defective or otherwise flawed is identified. One example mamier in which to identify a 
defect is to obtain an image of the defective portion of the die, such as a cross-sectional 
image, and examine the image to identify a particular circuit element that is defective. 
Another mamier is to correlate the location of the heater element causing the defect with 
15 a known circuit layout and identify the defective portion of the die therefrom. In 
another implementation, the computer arrangement is adapted to use the detected 
response to perform the die analysis, such as by storing or manipulating the response, or 
by displaying information depicting the particular heater element being operated in 
order to isolate a critical timing path. The stored or displayed infonnation can then be 
20 compared to empirical data, such as for a properly-functioning die, and variances in the 
comparison indicate a malfunction. 

FIG. 2 shows an example grid arrangemem of heater elements, according to 
another example embodiment of the present invention. The grid may, for example, be 
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™pie.e„.edi„«o„wiU,.edie„OofPIG..Bac.i„,e.eo«o„or.esn..^ 

ahea,i„ge,e„en..T.ee,e.e„.sa.e.fe.e..obyU,e..ow(capUane«e.)a„, 

co,u™(„™,e.)ide„.moa«„..P„,exa.p,e,a,ee,e™e„,AU.U,eci^^^^ 

~— n..He.a..o..eca.e..,.„.wA,eo,™„, 

n,ay <„c.<,e various Hea.„.g o^cui,,, .cH as *„se e,e™e„,s „e„.,o„e. 

We.„a.„ve.I„ad«„„,.eHea..e,e„e„.soa„,e„pe..e..„..^^^^^^ 
pa«e™sora,vi^a„3,a„,„a™.co.is,e„,„i^«.,,^„„3^^^,,^^^^^^^^^^ 
present invention. 

Ina„o«,erexa„,p,ee„bodi„e„,ofU,ep.sen.i„ve„«o„.afeedbacUo„pis 

.heao.o„of.he.ea«„,e,e.e„..As.he.e„eoHa„,es,«,e,o„pisusea.„ 

«'ehea.app„ea«„,sueHas«,e,e™e.aoa.,e..e.e.pe.,.ea„aa.e„f 
--eano.ase..e.ease)..e.e„e. Us.3 *e .<.,ea«„„ suppU. b. .e 
f-.o.,.eHea,app„.«o„.op«..^,„.„,,,,^^_ ^^^^^^^^^^ 
.nc,„aes„.„.ai.„,p„,„,,^^^^,^,^^^^_^^^^^^^_^^ 

— o„e.uo«o„„..eaUpp„ea«„„a„,ase,ecM.ea,a.ffe™e.a,.„™„„e^ 

-.e...a.au,o..eree<.bae.ca„be....e,ec..ea™ou.„r,ea.p.a.„,,o 
suiTounding circuitiy, and the accuracy of the he.f .nnr 

t^y or me heat apphcation can be detected 

20 therefrom. 

Ino„etap,e™e„,a,i„„,,Hehea«„,e,e„e„,isa.a„sis.o.hav.3aga.ea„a 
condoned bywa,„fa„e,eo«oa,b,asprovide<.,o«,ega.e. In ,his i„s,a„ee U,e 

feedback ,„opi„.„aesa.e„p.an„ese.o.suchasa.e„ese„.«ve.„ae 



AMDA.478PA (TT4019) 
June 2, 2000 

.e„e sensitive .ansistororathennooouple. The te„e sensor is c„up,ed 
.0 .he gate and, as ,he temperamre changes. ,he sensor applies a b.as .o «,e gate ,ha. is 
related ,o ,he ,en,pera,ure change. This bias in tum affects the an,otn,t of ct^ent 
flow,„g through the .ransistor,and thereby regniates the anrountofheat generated b. 
5 *-P-'-°f«.etransistor.Forins,ance,astheten,pera,urei„creases,thebias 
applied to the gate via the sensor causes a,e amount of cutren. flowing through the 
transistor to debase, and less heat is generated. Similarly, as the temperature 

decreases, the bi. applied to the gatecauses the tunountofcu^entflowingthrough the 
transistor to increase, and more heat is generated. 

0 In another example embodiment, temperature feedback is used to control the 

region-selective heater. When the temperature exceedsaselectedleveUhehcater is 
caused to generate less heat. This is aecomphshed in different manners, depending 
upon the application, h, one implementation, theheater is operated ataselected 
operating speed. When the temperaturefeedback indicates that the amount ofheat 
being supplied is toomuch.theope.ting speed is slowed. Ifmoreheatisneeded the 

operating speed is increased. The amountofpower supplied to the heater can be altered 
to control the heat generation m a similar mamier. 

Monitoring the temperature can be implemented m various ways, h, one 
embodtment. the voltage across an active (t™,sistor) a„angement in a targe, or 

representative region tathe die is measured at output ports of the heated die Wherein a 
change in the voltage correlated change in temperature in the target region ofthe die 
Depending on the sophistication ofthe heating chip, the temperance eotrelatton ts 

implemented separate from the heating arrangement..,., manually or ustngacomputer 
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or calculations top,e„e„Mu.„„ogic an, ^,,i„„,,,,,3,^„^^^^^^,^^ 

.o-d,g,.a, converter reconverting «,ese.edv„„agediffe.„,iaUoareadab.edi,..a, 

.emperantre code)in,ema,.o the die. A„en,a«vety,,he,ogicand.ans,a,ion devices 
can be p,ggy.baci.ed onto «,e die and eiecttcaiiy connected to ,ts output ports. 

Theheatinge,e.entsn,aybeoperatedinvariousfash.ons. In one example 
embod™ent.acont...reg,sterisfo,™edinthed,e,a„dthecon.o,.npu.,othe 
events is effected wttb the con.ro, register, ^econtro, register is adapted to 
selectively activate an individual heating cedent in thedie. The selected element is 
used to generate hea, and thereby heat ne^by Circuity in theche. In another e.a.p,e 
.0 — .«.edieisadapted.oreceivesignaIs«.„anextemaIcontro,. The e.ten,a, 
controi. used to selectively activate o„eorn,ore individual heating elements in the d,e 
andisaccontpiishedeitherusingthecontrolelententorbydirectiyacivatingthe 
heattng element. one i™p,e.entation, the con.ro, input includes a seHa, signal • 
Decodtng and ,oo.upb,ock.,n the die inte,p,.t the signa, and activate one or n,ore 
>5 "-ngeicntentsbasedontheintetpretedsigna,. In another in,p,en,enta.ion the 

ex.en,a.co„ho,inc,„desanac«va.iongrid«,atise,ectrica„ycoup,edtovar,oushea.er 
eientents in the die. Selectedportions Of fte grid are ac.iva,ed and corresponding 
elements in the heater arepowered. thereby generating heat. ,ns,i„ another 

™p.en,e„,a.ion,theact,vationofthehea.ere,en,entsispu,sedandgenerat.p„,sesof 
20 heat. 

The gridoperation Characteristics are Uiloreddifferentlytooptimizeparticular 
.es.ngapp,icatio„s.Variouste™peraturese,ec«onsandgradientscanbeusedtoeffec, 
se,ected tests, h, one implementation, the contro, input is selected to operate various 



die 
recorded 
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Pon,o„so..e<..e.as,ue„ce.Por.a.p,e,o„ee,e„e.ea„.eao..va.eawH„e«,e 

-a,„i„,eIe.e„.are,efti„ac«ve.™.p™.<,e.,eabn,e„o.e,ec«ve„,eau 
-„po„io„ofU,e.e.ei„,a„a,..e<..,„a„„,„,p,,,,,„,^^ 

-hea,edi„a.,eo.ed.e,ue„ce. Response data .o„U,ed,e.<,W„ea ana 
5 relative to the sequence in which the heat is applied. 

I" anotherapplication. heat is apphedtoag^oupof elements ata,i„e.Asroup 
consist,n.o.ad,acen,heatin.e,en,entsisse,ec.edwheni„sdesi.atoapp,n,o.eheat 
.^anasins,ee,en,en.canp.viae.Thisispa«icu,a.,„se<Unncon,hinationw,tha 
— 'oopwhenase,ectedte™p.atu.eistohen,aint.ned. Por e.an,p,e, .efet^n, 

.on0..a„d„si„,theidenti.ca«onschen,edisc.sedhe.inahove,heatin,e,en,ents 
a..ocationsB,.B4andC.-C4a,epowe.d,and.hediehe,ns.ohea..,nheheatins 
-etsto be incased, addition, heating elements at ,ocationsA.-A4andD..D4a.e 

C.-C2areshutoff.Inthisn,anne..hean,o„„tof,oeahzedhea,ingis,ead„y 



results. 



In St.,, ano«.erapp„cation, and .feting again to FIG.2, the even.n™„hered 
e.™,sa.,oca..ons.n„.sA,CandHa.ese,cctive„heated.Se,ec,inge,e™entstha, 
----- ed.oca,.zedheat,„ginvaHonspo„,onsonhed,eatonce and 
«.edista„cehe,.eentheheatede,e™en.sca„he„.nt.nedsnchtha.heat.o,neach 
e.en.en.doesnoti„terfe.wi.hheat.o.nano.here,en,ent.Th,3,spa„icu,a„,asefi., 
fo.exa™p,e,fo.ana„zingg.oupsofcH,.ca, paths to.o.efficient„identi.y defects' 
and.ospeedtheana„sisp,ocess.Iftheenti.eg.oup Of ctttica, paths Withstand the 
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Portio„ofU,ediehea,edby,he^„upofe,e™e„..oausi„gadefec,. 

<'-ribedwiU,.fere„oe.o .vera, 
pa«icu,a.e.a™p,ee..o..e„,,,„3„,„^^„^^^^^,,^^^^_^^^ 

c-..™a..„a.e.e.„w..o..epa.„,.„.,.3p..a„...,.„,,^ 
mvenfon, which is set forth in the following claims. 
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